Summary A karyological study of seven taxa (four sections) of genus Artemisia L. from Azerbaijan region (Iran) is presented. We found the two usual basic numbers in the genus xϭ9, the most common one (in three diploid and two tetraploid populations) and xϭ8 (in two diploid populations).The intra-(A1) and interchromosomal (A2) asymmetry index, which does not depend on chromosome number or chromosome size showed asymmetry index based on A1 value has indicated that the chromosomes in some Iranian Artemisia evolved in order of section Absinthium and Artemisia meanwhile section Seriphidium and Dracunculus are close to each other but they can separate from Section Absinthium and Artemisia.
Artemisia has two basic chromosome numbers, with ploidy levels ranging from diploid to dodecaploid for xϭ9 and from diploid to hexaploid for xϭ8 (Vallès and Siljak-Yakovlev 1997 , McArthur and Sanderson 1999 , Vallès and McArthur 2001 . Palaeotological data suggest that the mountain region of Artemisia was most probably in the mountain regions of north-western Asia in mid-Cenozoic (Ling 1982) . The most important center of diversity is temperate Asia, although there are dispersed foci of section in temperate and cold region of Erusia and North America (Ling, 1982) . The finding of different poloidy levels in these and other Artemisiinae species in Asia also supports the hypothesis of this origin of speciation.
Many species of Artemisia are not always well known and a world revision of the genus, from a systematic point of view is needed (Oliva and Vallès 1994) . Karyological data may be very helpful in establishing systematic and evolutionary ship within the genus. In spite of the very large number of counts in the tribe, chromosomal data on Iranian populations are scarce.
In this study we provide karyomorphological data with somatic chromosome numbers 7 populations belonging to the 7 taxa, Artemisia fragrans Willd, A. spicigera Willd, A. vulgaris Rat, A. campestris L., A. scoparia Waldst. and Kit, A. absinthium L. and A. chamaemelifolia Vill. in Iran.
Materials and methods
Plants and ripe achenes were collected from natural population in different ecological regions of Eastern Azerbaijan province (Iran). Herbarium vouchers of the populations studied are deposited in the Herbarium of RIFR (Research Institute of Forests and Rangelands, Tehran). The species studied are listed in Table 1 .
For the study we used root tip meristems from seedlings obtained from the germination of achenes on wet filter paper in Petri dishes or from plants cultivated in pots. Ripe achenes were placed on wet filter in Petri dishes and left in the dark at germinator temperature (20°-22°C). Adults' plants also collected and were grown in pots in greenhouse conditions. Root tip meristems were obtained from the seedling or from the plants living in pots. They were pretreated with saturated solution of a-bromonaphthalene at room temperature for 4 h at 15°C. These speciments fixed in absolute ethanol and glacial acetic acid (3 : 1) for at least 12 h at 4°C. Root tips were hydrolysed in 1 M HCL for 5 min at 60°C, squashed in a droplet of 45% acetic acid, dyed by Aceto-Iron-Hematoxylin. The preparation was observed with an optical microscope at magnification of 1000X. The best metaphasical plates were drawn with a camera and photographed. The counts were carried out bearing in mind the comments of Favarger (1978) to avoid mistakes in chromosome counting (basically the following: not being influenced by previous reports; obtaining good metaphases, especially in polyploid taxa; having the slides examined by different experienced people in case of doubt; and making a correct plant material determination). At least ten metaphases were examined per population, with the five best selected for making idiograms.
The following parameters were estimated in each metaphase plate to characterize the karyotypes numerically; (1) total karyotype length (TKL); (2) mean chromosome length (MCL); (3) chromosome length range (CLR); (4) lengths ratio of long and short arms of chromosome according to Levan et al. (1964) (L/S); (5) intrachromosomal asymmetry index (A1)ϭ1Ϫ[S(b/B)/n]; and (5) interchromosomal asymmetry index (A2)ϭs/x, where b and B are the mean length of short and long arms in every homologous chromosome groups, respectively, n is the number of homologues, s is the standard deviation, and x the mean chromosome length. Karyotype asymmetry was estimated using the mean centromeric index, the ratio of the shortest/longest pair and according to the A1 and A2 indices (Romero 1986 ). Symmetry classes (SC) according to Stebbins (1971) of the populations studied were done and Chromosomal formula according to Levan et al. (1964) obtained for all species studied.
Results
Our Results showed five population belong to taxa with basic number xϭ9, the most common one in the genus. Among this population we find three diploid and two tetraploid mean while two diploid population belong to taxa basic number xϭ8. Chromosome number in seven Iranian Artemisia species counted were listed follows; 2nϭ36 for A. spicigera, A. campsteris and 2nϭ18 for A. fragrans, A. absinthium, A. chamaemelifolia and finally 2nϭ16 for A. vulgaris and A. scoparia. Table 2 presented the data on poloidy level, chromosome formula, TKL, MCL, CLR L/S, interachromosomal asymmetry index (A2), interchromosomal asymmetry index (A2) and SC.
Their mitotic metaphase chromosomes were shown in Fig. 1 and Haploid ideograms of seven Iranian Artemisia species were indicated in Fig. 2 .
Artemisia scoparia showed the shortest (48.56 mm) and A. spicigera the longest (122.99 mm) TKL of all species. A. scoparia and A. fragrans had smallest MCL (3.04 mm) mean while the largest MCL belonged to A. absinthium (3.85 mm). Other species were significantly different from each other (3.09-3.67 mm). A. scoparia, A. campestris, A. chamaemelifolia and A. fragrans, had lowest L/S that weren't significantly different (1.47-1.65). A. vulgaris and Artemisia absinthium showed highest L/S (2.88-3.14) meanwhile A. spicigera had medium L/S (2.20).
Artemisia fragrans had the lowest intrachromosomal asymmetry index A1 (0.17), and A. campestris, A. spicigera, A. vulgaris, A. scoparia, and A. chamaemelifolia , showed relatively small A1 (0.18-0.34). The largest A1 belonged to A. absinthium (0.60). A. scoparia showed the lowest (0.04) and A. absinthium the highest (0.26) A2 values of all species. None of other species were significantly different from each other (0.07-0.13). These results of A1 and A2 were shown graphically in Fig. 3 and Fig. 4 for both species and sections. Symmetry types of Stebbins in these seven Artemisia species showed all species were located in same class (1A).
Discussions
The results obtained confirm the existence of two basic chromosome numbers in the genus. Five of the studied taxa have xϭ9, the most common basic number in the genus Artemisia, the tribe Anthemideae and the family Asteraceae as well (Solbrig 1977 , Schweizer and Ehrendorfer 1983 , Oliva and Valle's 1994 , Valle's and Silja-Yakovlev, 1997 . Among the considered taxa, Artemisia vulgaris and A. scoparia have the less common basic number xϭ8, this is evidence for the descending dysploidy that occurs in the genus Siljak-Yakovlev 1997, Torrel et al. 2001 ). This phenomenon is common in many genera of the family Asteraceae (Fernandez Casas and Susanna 1986 , Siljak-Yakovlev 1996 , 2005 .
In this study, we have provided additional karyomorphological parameter using intra-(A1) and interchromosomal asymmetry index (A2), which does not depend on chromosome number or chromosome size (Romero 1986) . Fig. 3 indicates scatter diagram that showing the relation between intra-and interchromosomal asymmetry. The section Absinthium shows high value for (A2) 1 and it is distinguished separately meanwhile for the section Artemisia, Dracunculus and Seriphidium are difficult to distinguish in their interchromosomal asymmetry index (A2). On the other hand, the intrachromosomal asymmetry index (A1) indicates a difference between four groups of Iranian Artemisia Table 2) . Each section seems to be more affected with A1 values than with A2 value. Stebbins (1971) has suggested that asymmetrical karyotypes are more advanced than symmetrical ones in relation to phylogeny and evolutionary processes. Our asymmetry index based on A1 value has showed that he A1 parameter is useful for estimation of evolutionary relationships among some subgenera or sections of genus Artemisia. These results have been obtained by other authors (Mato- Section Seriphidium: Three reports, also of 2nϭ18, have been published to evaluate for A. fragrans by Kawatani and Ohno (1964) , Nazarova and Pogosian (1970) and Torrel et al. (2001) . Our results now confirm this chromosome number from plants collected directly from a natural population. Result for A. spicigera is 2nϭ36 and this is the second count on this taxon in Iran. Our count agrees from the only previous report Rabiee (2001) . This group being the only one in the genus (together with the North American endemic section Tridentatae, not treated here) which 60 Cytologia 74(1) H. R. Naseri, H. Azarnivand and M. Jafari lacks dysploidy, with xϭ9 as the unique basic chromosome number. Section Artemisia: Many counts with different results (2nϭ16, 18, 24, 36 and 45) have been published for very common species A. vulgaris all over the world (Fedorov 1969 , Ornduff 1969 , Moore 1973 , Goldblatt 1981 , Agapova et al. 1990 , with no correlation between chromosome number and geographical distribution. Most of the counts report 2nϭ16 chromosomes, as in the present study. Our count confirms other results from Iran (Rabiee 2001 (Rabiee , saedi 2003 . A. chamaemelifolia is largely distributed in Eurasian mountains: Spanish Sierra Ne-presvada,Cantabrian chain, Pyrenees, Alps, Carpathians, Caucasus and the mountains of Iran (Peccenini 1994) . previous studies dealing with the chromosome number of this taxon; from Stockholm, probably from Botanic Garden material, as the species is not wild there (Kawatani and Ohno 1964) , Cantabrian chain and Pyrenees (Torrell et al. 1999) , and Iran (Tavassoli and Derakhshandeh-Peikar 1993, Torrel et al. 2001) . In all cases the reported chromosome number is 2nϭ18. Our results confirm pervious studies for this taxon.
Section Dracunculus: The chromosome number 2nϭ36 obtained in population of A. campestris agrees with other reports of tetraploid level for this taxon (Kawatani and Ohno 1964 , Kuzmanov 1993 , Oliva and Valle's 1994 for which diploid population have also been reported (Moore 1982 , Stahevich and Wojats 1988 , Valle's and Torrell 1995 .
Many chromosome counts have been published for A. scoparia, this widespread Eurasian species, our results for this Iranian populations agree with most of them: Khoshoo and Sobti (1958) , Chuksanova et al. (1968) from Russian far east, Bhat et al. (1974) and Kaul and Bakshi (1984) from Kashmir and other Himalayan regions, Podlech and Bader (1974) from Afghanistan, Maájovsky and Murín (1987) from Slovakia, Kuzmanov (1993) from Bulgaria, Volkova and Boyko (1986) from Russian far east, Krasnikov and Lomonosova (1990) from Siberia, and Tavassoli and Derakhshandeh-Peikar (1993) from Iran. At present study 2nϭ16 for A. scoparia is confirmed. Torrel et al. (2001) stated that a typographic mistake (2nϭ18 is written instead of 2nϭ16 in the text, even though the karyograms contain 16 chromosomes) is reproduced by Goldblatt and Johnson (1990) , who erroneously report 2nϭ18. Nevertheless, there are some other counts indicating a diploid (2nϭ18) or tetraploid (2nϭ36) level based on xϭ9 (Kawatani and Ohno 1964 , Kovanda 1972 , Yan et al. 1989 , Qiao et al. 1990 ).
Section Absinthium: We found 2nϭ18 chromosomes in population of A. absinthium This number agrees with previous reports from Iran like Derakhshandeh-Peikar (1993), Rabiee (2001) and Saedi (2003) . Our results confirmed reports from other authors (Kawatani and Ohno 1964, Vallès and Torrel 1995) . Our count agrees with many others from different territories (Watanabe 2002 and references therein) . This number is shown to be very stable, because it is also the same in many other reports based on plants from different regions. It is also being noted that Life cycle also correlates with genome size (Bennett 1995) . It has been proposed that, within a genus, an increase in nuclear DNA content implies a longer cell cycle, thus annual plants usually have lower DNA amounts than perennial ones (Rees and Narayan 1981) . Nagl and Ehrendorfer (1974) reported this tendency in some members of the tribe Anthemideae, including two (one annual and one perennial) Artemisia species. This is now confirmed, in this genus, by the annual species A. scoparia which shows the lowest TKL amounts of all the present populations, its TKL value is lower than that of the perennial species and TKL strongly correlated with genome size and DNA content.
Two of the seven populations are tetraploid, which occurs frequently in Artemisia and is consistent with assessments of many authors (Ehrendorfer 1980 , McArthur et al. 1981 , Oliva and Vallès 1994 , Matoba et al. 2007 ) who considered polyploidy as common and one of the main evolutionary mechanisms in plants in general and in the Anthemideae and Artemisia in particular. Most of Artemisia that colonizes extreme and arid habitats is polyploids. This fact supports the hypothesis that polyploids have more tolerance of extreme environmental conditions (Otto and Whitton 2000) .
The high frequency of polyploidy in plants studied here and other research leads us to consider that Artemisia is continuously developing genetic and ecological evolutionary mechanisms leading to diversification and speciation, particularly in Asia which is regarded as the main center of diversification of the genus.
